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BACKGROUND

Deterioration of renal function (DRF) among HIV-patients is recognized to be caused by traditional 
renal risk factors, HIV itself, and exposure to antiretrovirals (ARTs). The contribution of 
immunodeficiency has not been well characterized .

OBJECTIVES

To prospectively evaluate the rate of and factors associated with DRF by assessing changes in
estimated glomerular fitration rate (eGFR). 

METHODS

Patients
EuroSIDA is a prospective study of patients with HIV-1 infection in 93 centres across Europe (and 
Israel and Argentina – please see study group). Data is extracted from patient notes onto 
standardised follow-up forms at 6-monthly intervals. 
Patients from the EuroSIDA study were included with the following inclusion criteria:

• a minimum of 3 serum creatinine measurements measured after 1 January 2004 (date from 
which serum creatinine has been routinely recorded in the EuroSIDA study)

• body weight measured within 12 months of each creatinine measurement
• recorded date of birth

Patients have a maximum of 37 serum creatinine measurements.  On average, follow-up is to 
Autumn 2006. 

Statistical methods

eGFR was calculated using the Cockcroft-Gault (CG) and Modification of Diet in Renal Disease
(MDRD) equations after standardization for body-surface area using the Mostellar formula. 

GFR (CG) = (140-age) x weight (kg) x 0.85 (if female)
Serum creatinine x 72

GFR (MDRD)= 186 x serum creatinine-1.154 x age-0.203 x 0.742 (female) x 1.21 (black)

DRF was defined as two consecutive eGFR<60 ml/min/1.73m2 or a confirmed 25% decline in eGFR, 
and baseline was defined as the date of the first eGFR. 

For the first analysis, patients whose first GFR < 60 were excluded from the analyses.  Patient 
follow-up began at baseline and ended at the second of 2 consecutive GFR < 60, or at last GFR 
measurement for patients who did not progress to the endpoint. For the second analysis, all 
patients were included and patient follow-up began at baseline and ended at the second of 2 
consecutive GFR < 75% of baseline GFR, or at last GFR measurement for patients who did not 
progress to the endpoint.

Multivariable Cox models, stratified by centre, were established. Variables considered for the 
models were gender, race, age, exposure group, prior AIDS diagnosis, prior use of 
nephrotoxic drugs (acyclovir, amphotericin B, cidofovir, foscarnet or pentamidine), CD4, viral 
load and haemoglobin at baseline as well as latest measurement, CD4 nadir, peak viral load, 
prior atherosclerotic disease (MI, stroke, CABG, or carotic endarterectomy), diabetes 
(diagnosis of diabetes mellitus prior to baseline, or taking oral antidiabetic agents or insulin 
at baseline), hypertension (baseline systolic blood pressure ≥ 140 mm/Hg or baseline 
diastolic blood pressure ≥ 90 mm/Hg or taking antihypertensive agents at baseline) and 
smoking status. Several ways of modeling use of ART was used including both cumulative and 
current use of ART. 

RESULTS
5526 patients were included. Baseline charcteristics are shown in table 1 and table 2.

During follow-up, eGFR was measured 31650 times (5/patient, IQR 4-7; median time between 
eGFR 4 months (3-6). Using the CG equation, 130 patients (2.4%) with the mean of the first 2
eGFR >60 ml/min/1.73m2 experienced a confirmed eGFR<60 and 175 patients (3.2%) a
confirmed 25% decline in eGFR (incidence rates 13.4 (95%CI: 11.1-15.7) and 17.3 (14.4-
19.9)/1000 PYFU, respectively); 41 patients experienced both outcomes. 

A Kaplan-Meier plot of time to a confirmed eGFR< 60 ml/min/1.73m2 or a confirmed 25%
decline in eGFR is illustrated in figure 1.

In multivariable Cox proportional hazard models, a  two fold higher latest CD4 cell count was 
associated with 31% lower risk of developing a confirmed DRF (adjusted relative hazard
(RH)=0.69 (0.55-87), p=0.0034) (figure 2). CD4 nadir was not associated with DRF 
(RH=1.03/two fold higher (0.89-1.19), p=0.74). A prior AIDS diagnosis was associated with 
increased risk of DRF by 75% (RH=1.75 (1.10-2.79), p=0.018). HCV-antibody positive patients
also had an increased risk of DRF (RH=2.67 (1.58-4.52), p=0.0002). Other independent risk 
factors were diagnosis of a CV event, HIV-RNA levels, baseline eGFR, and time of inclusion into 
the study. 

Repeating the analysis for a confirmed 25% decline in GFR, the adjusted RH per doubling of 
the CD4 cell count was 0.75 (0.64-0.88), and the results remained essentially unchanged
when modelling use of ART in different ways (figure 3). 

Similar results were obtained using the MDRD equation. 

SUMMARY
Deterioration of renal function occurs in 2-3% of the patients over a period of 2-3 years of 
follow-up. 
DRF  is associated with current levels of immunodeficiency, in addition to traditional risk
factors.
A doubling of the CD4 cell count was associated with a 30% reduction in risk of DRF.
Of note, there were wide confidence intervals for many variables in the multivariable analyses, 
and more exact evaluation of several of these variables require longer follow-up and more 
endpoints.  As follow-up accumulates, the role of ARVs will be further analysed. 
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Patient characteristics at baseline
cardiovascular events

Table 2

All GFR<60 GFR 60.1-90 GFR>90

% N=5526 N=227 N=2013 N=3286 P
Acute MI No 91.0 3.9 90.0 91.9 <0.0001

Yes 1.4 5.7 2.0 0.8

Unknown 7.6 8.4 8.0 7.4
Carotid No 92.2 91.2 91.8 92.5 0.64
endarterectomy Yes 0.1 0.4 0.2 0.1

Unknown 7.7 8.4 8.1 7.4
CABG No 91.9 89.0 91.4 92.5 <0.0001

Yes 0.4 2.6 0.6 0.2

Unknown 7.7 8.4 8.0 7.4
Angioplasty No 91.3 87.7 90.5 92.0 <0.0001

Yes 1.1 4.0 1.5 0.6

Unknown 7.6 8.4 8.0 7.4
Stroke No 91.2 86.8 90.8 91.8 <0.0001

Yes 1.0 4.9 1.0 0.8

Unknown 7.8 8,4 8.2 7.4
Diabetes No 86.6 76.7 85.4 88.0 <0.0001

Yes 5.3 15.9 6.2 3.9

Unknown 8.1 7.5 8.5 8.0
Hypertension No 57.8 46.7 56.0 59.6 <0.0001

Yes 22.7 37.9 26.4 19.3

Unknown 19.5 15.4 17.5 21.1
Smoking Never 71.7 70.9 73.8 70.5 0.11

Current 7.1 9.7 6.7 7.2

Past 0.3 0 0.3 0.4
Unknown 20.8 19.4 19.3 21.9

Progression to confirmed low GFR or 75% of baseline 
(CG)

Figure 1

N under follow-up
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Multivariable models included variables listed in figure 2

0.1 1 10

25% decline in eGFR

Adjusted for current use of ART

Adjusted cumulative use of ART

Unadjusted

eGFR<60 ml/min/1.73m2

Adjusted for current use of ART

Adjusted cumulative use of ART

Unadjusted

Increased risk of DRFDecreased risk of DRF

Patient characteristics at baselineTable 1

All GFR<60 GFR 60.1-90 GFR>90 P

% N=5526 N=227 N=2013 N=3286

Gender Female 23.9 23.3 22.9 24.5 0.41

Race Non- Caucasians 13.8 11.4 13.5 14.2 0.44

Risk Hom 45.3 44.9 49.2 42.9 <0.0001
Group IDU 18.3 10.1 16.6 19.9

Het 29.4 33.9 27.1 30.4
Region S/A 29.8 30.8 31.5 28.6 <0.0001

C 30.5 29.5 31.8 29.8

N 26.9 27.8 26.1 27.3

E 12.8 11.9 10.5 14.3

Prior AIDS 31.3 48.9 34.8 28.0 <0.0001

HBV Neg 83.7 78.4 82.8 84.7 0.0004
Status Pos 7.6 7.9 7.0 7.9

Unknown 8.7 13.7 10.2 7.4

HCV Neg 69.0 69.2 71.7 67.3 <0.0001
Status Pos 22.6 18.1 19.3 25.0

Unknown 8.4 12.8 9.0 7.7

HIV- RNA <500 74.5 81.5 78.2 71.7 <0.0001

88.0 97.8 90.5 85.9 <0.0001

15.6 23.8 18.4 13.4 <0.0001

Median and IQR

Age Years 43 (38-51) 61 (52-69) 48 (42-55) 41 (36-46) <0.0001

CD4 Cells/mm3 453 (310- 640) 405 (278-539) 458 (319-638) 456 (305- 650) 0.0019

VL log10 (cp/ml) 1.7 (1.7- 2.8) 1.7 (1.7-2.1) 1.8 (1.7-2.4) 1.7 (1.7-3.0) <0.0001

Nadir CD4 Cells/mm3 148 (55- 250) 98 (38-184) 140 (50- 238) 155 (60-260) <0.0001

Baseline
Calendar year

07/04 (05/04- 12/04) 07/04 (05-04) 07/04 (05/04- 12/04) 07/04 (05/04- 12/04) 0.50

eGFR ml/min/1.73m2 95 (82-110) 53 (48-57) 80 (73- 85) 106 (98-118) <0.0001

Ever taken nephrotoxic drugs

cART at/before baseline

Relative hazards of progression to a confirmed 
GFR<60 ml/min/1.73m2 (Cockcroft-Gault)

Figure 2

Multivariable model also adjusted for cumulative use of ARTs
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Hypertension (yes v. no)

Diabetes

CV event (yes v. no)

HCV status (pos v. neg)

Baseline eGFR (per 5 ml/min higher)

Year of starting cART (per year later)

Age (per 10 years older)

AIDS (yes v. no)

Current vL (per log10 higher)

Nadir CD4 (per doubling)

Current CD4 count (per doubling)

Increased risk of DRFDecreased risk of DRF

unadjusted

adjusted



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


